From the *Inslitute of Pathology and the tDepartment ofSurgery, Royal Victoria Hospital, and the tDepartment ofSurgery, Queen's University of Belfast, Belfast SUMMARY Formation of N-nitroso compounds in gastric juice has been implicated in the pathogenesis of cancer in the stomach after operation. Gastric juice was aspirated from 85 subjects: 23 were controls, 51 had previously undergone vagotomy and gastrojejunostomy, and 11 had previously undergone vagotomy and pyloroplasty. The gastric juice samples were analysed for pH, nitrite, and total N-nitroso compounds.
There is substantial evidence that gastric surgery for benign peptic ulcer leads to an increased incidence of gastric cancer in the long term.' I There have also been several reports of possible premalignant conditions of the gastric mucosa in the stomach after operation.2 5 Farrands et a16 found 11 cases of epithelial dysplasia in 71 patients following gastric surgery. Work from our own centre has shown that patients with duodenal ulcers who have been treated surgically have a higher incidence of moderate and severe dysplasia and intestinal metaplasia than Accepted for publication 25 January 1984 medically treated patients. 7 The cause of this high incidence of premalignant and malignant change in the stomach after operation is controversial. Domellola has suggested bile reflux as a possible cause. Others have suggested that hypochlorhydria allows bacterial proliferation with subsequent reduction of dietary nitrate to nitrite and then to N-nitroso compounds,9 which are known to be carcinogenic, at least in experimental animals. '0 Contradictory data, however, have appeared in the published work on the relation between pH and N-nitroso compound concentration in gastric juice.9 1 511 512
The purpose of this study was to investigate the relation between pH and concentrations of nitrites and N-nitroso compounds in gastric juice and to relate N-nitroso compound concentration to histological changes in a group of patients who had undergone vagotomy and gastrojejunostomy. Total N-nitroso compounds were assayed using the technique described by Bavin.'4 Aliquots of gastric juice (5 ml) were placed in a tube containing hydrazine sulphate (Analar) in excess (100 mg made up in 1-5 ml water) in order to remove nitrite. The pH was adjusted to 4 using 1-0 N aqueous potassium hydroxide. Potassium hydrogen phythalate was added as a buffer to stabilise the pH. One millilitre of this mixture was then analysed for total N-nitroso compounds using a chemiluminescence analyser (Scott Model 125). The apparatus was in a laboratory adjacent to the room occupied by the patient so that analysis could start as soon as samples became available.
'[he assay was linear for solutions of N-nitrosopyrrolidine made up in gastric juice between concentrations of 0-05 and 1 umol/l (coefficient of correlation 0.99) and between 0 5 and 25 umolIl (coefficient of correlation 0.99). Gastric juice, known to give no response with the chemiluminescence analyser, had N-nitrosopyrrolidine added to give a concentration of 0 25 ,moI/l. Eight aliquots were analysed, giving a coefficient of variation of 7 4%. When 10 5 ml aliquots of gastric juice were each spiked with 0-05 ,umol of N-nitrosopyrrolidine, the mean recovery was 104-25% (coefficient of variation 7.58%).
Results pH, NITRITE, AND TOTAL N-NITROSO COMPOUNDS Sufficient gastric juice was obtained for analysis of nitrite and total N-nitroso compounds in 236 samples (66 from controls, 30 from vagotomy and pyloroplasty patients, and 140 from vagotomy and gastrojejunostomy patients). The relation between pH and nitrite concentration for all of these samples is shown in Fig. 1 . The highest concentrations of nitrite were found in the higher pH ranges. Fig. 2 shows the relation between pH and total N-nitroso compound concentrations. The highest concentrations of N-nitroso compounds were found in the regions of pH 3-3*99 and 7-7-99. The mean values of all the samples from each patient were calculated for pH, nitrite concentration, and total N-nitroso compound concentration. With these figures the Spearman rank correlation coefficient between pH and Gastric histology and gastric juice pH and nitrite and N-nitroso compound concentrations in the postoperative stomach 513
nitrite concentration was 0-76 (p < 0-01). No correlation was found between pH and total N-nitroso compound concentration or between nitrite and total N-nitroso compound concentration. The control group and the vagotomy and gastrojejunostomy group were compared using the mean values for pH and nitrite and total N-nitroso compound concentrations, which were calculated for each patient or subject in both groups (Table 1) ever, between group 1 and either group 2 or 3 for total N-nitroso compound concentrations.
Discussion
It has been suggested that N-nitroso compounds can be formed at low pH by ordinary chemical means and at high pH by bacteria. Mirvish'5 stated that the chemical formation of N-nitroso compounds is greatest in the region of pH 3-4 and Hawksworth and Hill '6 showed that bacteria could produce N-nitroso compounds at neutral pH. In the current study N-nitroso compounds were found in both high and low pH samples with peaks in the regions of pH 3-3-99 and pH 7-7*99. It is possible that the peak occurring at the lower pH (which unfortunately contained only six samples) was due to ordinary chemical nitrosation whereas the peak at higher pH was due to bacterial formation of N-nitroso compounds.
Data from several laboratories," '' In conclusion, although a positive correlation exists between gastric juice pH and nitrite concentration, this is not accompanied by a simple linear relation between pH and N-nitroso compounds. We therefore consider that formation of N-nitroso compounds at high pH is not of primary importance in the pathogenesis of mucosal abnormality despite the associationi between nitrite and histological abnormality. Vagotomy and gastrojejunostomy patients overall had higher concentrations of N-nitroso compounds than controls. No relation was found, however, between N-nitroso compounds and histological groups within the vagotomy and gastrojejunostomy patients. This casts doubt on the importance of N-nitroso compounds, formed at any pH, in the production of gastric mucosal changes.
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